Induction of endoplasmic reticulum stress by ellipticine plant alkaloids.
Anticancer drugs often show complex mechanisms of action, including effects on multiple cellular targets. Detailed understanding of these intricate effects is important for the understanding of cytotoxicity. In this study, we examined apoptosis induction by ellipticines, a class of cytotoxic plant alkaloids known to inhibit topoisomerase II. The potent ellipticine derivative 6-propanamine ellipticine (6-PA-ELL) induced rapid apoptosis in MDA-MB-231 breast cancer cells, preceded by a conformational change in Bak and cytochrome c release. Experiments using knock-out mouse embryo fibroblasts established that Bak was of particular importance for cytotoxicity. 6-PA-ELL increased the expression of the endoplasmic reticulum chaperones GRP78/BiP and GRP94, suggesting induction of endoplasmic reticulum stress. Induction of GRP78 expression was dependent on the endoplasmic reticulum stress response element (ERSE) of the GRP78 promoter. Examination of different ellipticine derivatives revealed a correlation between pro-apoptotic activity and the ability to induce GRP78 expression. Furthermore, 6-PA-ELL was found to induce splicing of the mRNA encoding the XBP1 transcription factor, characteristic of endoplasmic reticulum stress, and to induce activation of the endoplasmic reticulum-specific caspase-12 in mouse colon cancer cells. We finally demonstrate that 6-PA-ELL induces apoptotic signaling also in enucleated cells, consistent with the existence of a cytoplasmic target for this compound. Our data suggest that induction of endoplasmic reticulum stress may contribute to the cytotoxicity of ellipticines.